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Mode一 ofy8 a Bt Pr O tOPIa sts
Y8 aSt prOtOpl8StS･ pr oduced by Snail enzym e
digestio n of cellw aus of yeast cells iT - 8 mOtic ally
stabilized buffer(E ddy a nd W illia m BOrl, 1957)have
pla s m a m e mbr a n e O ntheir s urface only(Necas arld
Kopeck且, 1969;Nec8 8 et al. , 1969), a nd disr upted
actin cytosk81eto n(Gabriel et aL, 1992;Kobori et
al. I 1989;Jocho v a et al･ ･ 1991;Gabriel a nd Kopec-
ka･1992･ 194;Gabriel, 1994;Kop¢ck& and Gabriel,
1995). T hi島 indic ate8 th t cell w all a nd actin
cyto8keleto nin yea s七色 m 8y be interlink㊤d thr otlgh
plas m a m e mbr a ne. StlCh pr otopla8t8 C arlbe indtlCed
to fus e(Sv oboda, 1991), or to form a n e w c o n.
plete c ellw all de TLOUO inside of gelatin一 色g&r,
algin &te gels orpolyethyle neglycolA ndstlb8equ8rLtly
re vert into n or mal cells(Svoboda a nd Neca8, 1966.
197O;Svoboda, 1966, 1967, 1974;Nec8 S a nd Svobo血
1967;Nec aB et al. , 1968;Sv obod& and Piedr a,1983;
Sv oboda and Ourednicek,1990), Bi mi 1&rly a昌 Pr OtO-
pla sts prepar ed by atltOlysis of their cellw alls
(Nec a8, 1961). ” Autolytic pr otopla畠tS
け
(Johan a nd
Nec as, 1954)w ereintrodu ced a8 m odel for cellwall
regen er atio n 8t11diesby Nec as(1956). In c ontr ast to
buddirlg ye a包t, W all- r egeneratio nin otherfu ngal o r
low e rplant PrOtOpl且StS do n ot requlre 畠01idm edia
(Gabriel. 1964, 1968. 1970, 1973, 1977), Simi larly
as pr oもoplasts of fissio n a nd 且piculate ye ast畠
(Sv oboda, 1967; 0畠umi, 1998).
Flatten ed ye ast protoplasts that forTn O nly 且n
inc omplete cellw all de n o u o o nagar meditlm C a n
divide, but c a n n ot re ali之e prOtOplast-to -c ellrev e rsion
(Gabriel, 1984). Each cytokinesis is dependent o n
pre viollSkaryokinesis a nd o ninc o mplete wall fork
m atioTl(Gabriel, 1983, 1984, 1994;Gabriel a nd
Kopecka.1988. 1988).
In liquidm cdium pr otopla sts prodqce o nly a n
abe r a nt cellw alldc TWLIO thatiBins uffic enteither
for cytokin esi8 0r for re v8rSio ninto n or mal ye ast
cells(Ed dy W illia ms o n, 1959;Eopecka et al‥ 1965.
1970;Sv oboda a nd Nec as, 1970;Kopeck且, 1976).
T his irldic ate8 that the d喝ree Of c omplexity of the
pr otopla8t C ellw all is ess ential factorin yea st Cell
rn orphoge nesi8, e v e ntho ugh riot yete x actly defined.
A berrant w all, pr odu c ed by pr otopla sts hl
llquidm ediu m
Saecharo 7 nyC e BC e re Uisia eprotop188tS. C ultiv ated
in liqllid
c o mplete
w al l
.
T he
E dy a nd
m editl m, gr o w a nd do n ot pr odu ce a
c811w all. T hey for m o nly abe rr a nt C ell
terrn
廿
aberra nt w all” w &B first tLBed by
W illi& m so n(1959)for S. c arlBberge n8iJ9
protopla･BtB that pr odu ced w a11畠 Offib rillar ap pe a-
anc e in electron mic ro B COpe , C O ntain l ng high
a m o u nt of N- a c etyl-D-glu co samine(abolユt 20% ).
T heseprotopla 点t白 didn ot reprodtlC e by btldding
(E ddy and W illi& m son, 1959).
Otlrfirst an名1ys es ofthe n atur e of w alls produc ed
by S･ e er･euislαe protoplasts in liqtlidm ediu m m ore
than30years ago co nfir med fib rillar ap pea ra n c ein
electr on micro s c ope(s e elater). Protoplastsin liqtlid
m edia re main ed lysed by distilled w ate r e v e nafter
24hctl tivatio n
.
This indic ated that the pr otopl且St
w all is aber r a rlt a nd ins uffic ent to e n8 ure O 畠m Otic
resistence - featurety picalfor n o r malfungal w alls.
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The d占velopm ent of protoplasts in liquid m edia
w as poly m orphic fro m i8 Odiam etric ally grow l ng tO
fil乱m entOu 昌fo rm s･ Also siz e of protopla8tS W a s
v e ry heter ogel10 11 S. In the cou r s e of c ultivatio nin
liquid m edill m prOtOplast昌 Va CuOlized, didnot
r eprodlユC eby btldding, and gradu ally died(Ne c a s,
1961;Kopecka et al. 1965; 1970; Necas, 1971;
Svoboda and Nec aB, 1970;Sv oboda, 1974).
Tle W al 1･ produced by S･ c er e ut8iae pr otopl舶tS
ill 1iqtlid m edium , is in8tlffic ently de v eloped,
ab8 r rant PrOtOplast w all, in c a
.
pable to e n s nre
o 血 otic reBistarlC e, C ell integrity or reprodtlCtio n
by budding. Our301ye a rS research to understand
the fo rm atio n of aberr a nt pr otopla8t W all de n ot)o
in liqtlidm edil 皿 is review ed here.
Ultrastr u ctu ro of 8be r r 8 nt PrO tOPl8 St W all
Electr o n micr os cop y after m etalsh&do wing Show
ed the fib ri llar n atur e of abe r r ant w al ls Produ ced
by protopla8tS Of SI C eT
.
eUi8ia ein liquidm ediu min
which a m orphous w allrnatriヱ W a 8mis sing(Kopecka
et all 1965, 1970), in c o ntr a st to w alls rege nerated
in side of gelatin mediu m(Svoboda and Neca,8, 1970;
Svoboda, _1974;Nec a8 and Svoboda, 1967, 1968, 1981,
1985). Aberr ant pr otopla8t W al lc o ntained flat
bu ndles 0f micr ofibrilB O nly, c o ntaining up to 20
mic r ofibrilB in one b undle. Bundle s w ere irregularly
inte rw oven alo ng the whole protopla8t Bu rfa c Qa nd
fo m ed continu olユ8 n早tW Ork. Interfibril18r SPaC e 8 0f
this fib ri11乱r Skeleton w ere withotlt arty Other w al l
m aterial
. Negative stain l ng Of aber r a nt w alls with
ura nyl acetate
of 10to 20n m
ag gregated in ∈
etching study
sho w ed 8traight rigid micr ofib ri18
wi de a nd u nm eastl rable le ngth ,
i paral le w ay in flatbtLndles. Fre eze -
didnot identify o rigin of microfib ri1β
either on the e xte rn al 8tlrfac e, o rin side of pla.8Z n a
m e mbr an 8i despite of m or e tha n25year s res e ar ch
by fre e z e- tching and free z e-fra cttlring m ethods .
Als o tltrathin 8 eCtionlng for electron micro 8 C Op y
did notide ntify the place of micr ofib ri1s origin and
血⊃w ed bu ndles Of microfibri18 a8ir regula rlayer
a I Ound the pr otoplast s u rfa ce, 11 Sual1y 8 eparated
fro m plasm a m e mbr an e(Neca s a nd Svoboda, 1985;
Eopecka, 1994).
M ic rofibrils, a s s o ciated into flat bu ndles, w e r e
basic 白tr uCt11ral units of the aber rant fib rilla r
protopla st w all, in which a m o rpho tl SW al m atrix
w a畠 mi5Slng.
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C he mical na tu r e 0f abe rr ant protoplast w all
T he first e xperiments to a Tlalyse chemical n ature
of aberrant protopla st w alls fro mliquid m ediu m
by m ea n 良Of cytoche mic al P A Sre action positiv e
fo r m a n na n, showed negative re s ults. Soltlbility of
abe r rant w all8 in NaO Hshowed that they cann ot
bB m ade of chitin
c ontra ry to high
reported by E ddy
the reforepr obable
c otlld be m ade of
T he Similarity of
that is insoluble in alkali, in
N- a c etyl gluc oB amine a mollnt
and W illi色m 8 OZl (1959). It w as
that aberr a nt pr otopla 白t W alls
ghlC a n(Kopecka ct &1‥ 1965).
fibrillar nature of pr otoplast
aberra nt w al1島 with fibrillar ''hydrogluc an
”
of the
ye ast Cellw all(Ho wink and Kreger, 1953)led to
collabor ative res earch with D
.
氏
. Kr 聯 r. Univ ersity
of Gr o ningen, The Netherla nd8, by m o a ns Of X･r ay
diffra ction, electro n micr o8C Op y A nd ch㊤mic al m e･
thod且 Analy8e8 Of s a mples of aberr a nt pr otopla 8t
w al ls fro m which cytoplas m w a8 re m o ved sho w ed
highly crystalline betか1, 31glu c a n a nd highly crys-
tal line chitin. B㊤ta-1.3･gluc a n w a畠 Of linear n &ttlr e,
a sits X-r ay diffra ction diagra mfully c orrespo nded
to the diagr a m of kno w nline arbeta-1, 3- glu c a n
para mylo n fro m EugleTWPhyta(民r eger a nd Ropecka.
1973). Beta-1, 3-glnc an r eprese nted 90%, while chitin
lO% of m aterial of aber ra nt protopla点t w alls. 40
% of b8ta -1, 8-glllCa n W a sthe fr actio n of line ar
beta l , 3-glu can chains, S oluble in NaO H. 50% w a s
gluc a nin 801nble im alkalithat c orrespo nded to
br an ched alkali-in ”luble yeast w allgln can(Kreger
a nd lくope cka, 1976), pr evio uslyide ntified byHowink
a nd 王(r eger(1953). Nativeline arbeta-1. 3-gluc a n
chain s Were dem o nstrated for thefirst tim ein yea st -
the r e sult indicating thatline a rbeta ･1, 3･gluc a n
chains ar e Produ ced at exter n al s urface of proto -
pla st plas m a me mbr ane fro m which bra nching
e n zym e wa s partially re mo ved by liquid m ediu m
(Kreger and Kopecka, 1973, 1976a, b).
T he ap plic atio n of 8PeCific enzym es on aberra nt
protoplast w 且118 Of S･ c ereuisiae:ptlrified e ndo-
beta -1, 3-gltlCa n a8 efro m the ye ast S. japonlcus v a r.
i?e r Satllis･ a nd purified chitin aBe witho ut glu c&n as e
activity(kindly provided by 土王･ J･ P haff, Unive r sity
of California, DavisI U S A dllring our c ooper ative
re s ea r ch)pr ovided e vide nce that microfibrils are
r e8istent to chitinase tr e atm e nt, but they ar e
degraded by ye ast endo-beta-1･ 3-gltlC an aS e(Krege r
a nd Kopecka, 1976a . b; Kopecka, 1976).
X- r ay diffr actio n analy畠is･ electr on micr osc op y
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a nd enzym atic tre atm ent ofaberra nt w allsproduced
by pr otopl8 StS Of S. po ,nbe a nd 氏japonlc us va r.
u e r s atili8 in liquid rr18dia showed that synthe由 of
beta -I,3-Flu can micr ofibrils prec edes the form atio n
ofalpha･1･ 柑 uca nmic rofibrilB(Kr 聯 ra nd Kopecka.
1978;Gabriel a nd Kopecka, 1983, 1988;Gabriel,
1994: Kopecka, 1975).
In contr a st to no rm al yea st cellw auB(P haff,
1971;Fleet, 1991;Klis.1994;Cidet al. .19 5;Orle a n,
1997)in whichbet&･1,3･glu ca nmicr ofibrilB(Kopecka
et al‥ 1974)a nd chitin are n ot in crystalline 8tate
(Howink and Kr 聯 r, 1g53), a nd m a n nopr ot母ins,
beta-I,6瑠Iuc & n, a ndb8t8･l.3-glu c anarekn o w nto
ha ve am o rphous ap pe ar a nc ein electr o nmicrosc ope
(Kop8Cka, 1985). aberr a nt pr otoplast w allof S.
c e r e uisiae was m ade up of 90% of highly crystalline
betか11 3･ gluc &nmicr ofibrilB and lO% of highly
cry忌tallin 8 Chitin o nly.
M ic r ofibrilsin th㊤ yeast Cellw 811
Findings of micr ofibrilB ill aberra nt protopla8t
w all led us to ask the questio n whetherthe si mi lar
micr ofibril8 Occur als oin n or m al cellw allofy8 88t
cells. h period of195畠･1 974.hydrogltlCa nmicrofibrilB
fou nd in H Cla nd NaO Htre ated ye ast cell w alls
by Ho uwink a nd Kr egor(1953)w ere c o n sidered to
be l
'
n 山 rD products of partial hydr olyBi8 0f w all
gluc 8n ･ CryBta11irlemicrofibril18r hydr ogluca nproI
Tided sb8 rp X-r ay diffr actio ndiagr a m, while glu ca n
in n ativ e cellwall of ye ast8 prOdtlCed o nly diffuse
X･r ay diffr actio n diagr a m(Howink a nd Iくreger,
1953). Al畠0 Otherpapers prese nted evide nceagain st
the prese n c e of fibrils in the yea st cellw all(f. e.
Bo wden a nd
丘I‥ 1974).
Howe v e r,
31gluc a n a s e
by Bacillu s
Hodgs o n.197 トrefere nce in Kopecka et
the ap plicatio n of purified e mdo-beta -1,
a nd e ndo -beta-1
,
6-gluc an8 S e, Pr oduced
ciT･C ula ns, to is olated cells w alls of S,
c eT eUisia e, sp8Cific auy degraded a m orphou s wall
gluc a n co ntairl ng beta-1,3- a nd beta -1, 61 ink且geS .
T his re sulted in re m oval of a m orpho us w allm atrix
from intern al fibrilla r w all skeleto nthat w a sthtlS
de m orlStr ated retaining the origin al ovoidal shape
of the w all. Ap plic atio n of purified endo-beta-l,3-
glucanase fro m a, japonlc us v ar. L W S aLilis on w a.lls
co mpletely degraded fibrillar w allskeleto n. while
only bud sc ars r e sited to the cn zym e dige stio n.
A m o rpho u s Wallm ate rial, pr obably m a n Dpr Otein
c omple x. w a sr e m o v ed fro m the w alls, rem ained
a m o ng bud sc arB･ Existe nce of fibril18 ト a m Orphotl畠
w all gltlCa n Co mplex w a占 diBCloBed by pron舶e
tre8trne nt that specific auy digested and r ernc)v ¢d
e xter nal a m orpho us rn a n n oprotein, under which
fibrillarte xture w as stillm asked by a m orpho us
glu canB(Kopecka et al. ,1974). Rem o v al of 8 Ⅹter n al
w all layer by other protea se w as c onfir m ed by
Zlotnik et al. (1984). En名ym atic relea se of w all
polyrn ers w as tlSed for biochemical invostig&tio n
(Klis, 1994;Cidet al. , 1995;Orela n, 1997),
Mecha nic al dis nt8gratio n of the i畠01ated. c ell
w 811畠 prO Vided evid8nC ¢ Of fib rillar w an co mpone nt
in en zymatic ally untreated s a mples by negative
白taini喝 for electron micr os cop y(Ropech et al. ,
1974).
Freez8- etching sttldy of whole cells co nfirm ed the
e xisten ce Offibrilhr c o mpo ne ntiA the zl ativeye a8t
cellw all in S everal m tlta ntB:in o8 m Oticallyfr agile
a. c e r e uisiae 8T･bl(Kopecka et 81‥ 191). t8 aCtin
m tlta nt D BY 1693 with actl Jm tltated &ctin allBle
tl nd8r C O nditio ns of actin disruptio n(Gabriel a nd
Kopecka. 1995), cu)h53m uta nt of S. ceT･e Uisiae(M .
Kopeck& a nd A. Ram , tl npublished data). Fibrillar
w allteEture W舶 且1日O disclos ed by ap plic atio n of
c ongo r8d o nS. c e r e uL8lae c ells thatinterfered with
c orrect w allpolym ers a s s e mbly(Kopecka a nd Ga-
briel, 192).
Simi1ar beta-1, 3-glu c a nmicrofib ri1s, a nd also
alpha-1, 3-gluc& n microfibrils, w ere ide ntified a8
fibrillar c om pon ent in the ye ast cellw allof S.
po mbe ma sked in the n ativ e cellw all by am o rphou s
gluc anB(Kopecka et al. 1995)and othe r w all poly-
m e r s of fission w all(Ishigu ro, 1998).
Beta-1, 3-gluca n microfibrils form fibrilar skcle,
toTl inside of nativ e c ell w allof btldding a nd
fissio nyea st. In fission yea st a re also mic rofibrils
of alpha l , 3-gluc a n.
M e cha nis m of beta -1, 3- gJu c 8 n mic r ofibril
a s s e mbry ln aberr a nt pr otopl8 St M arl
LFIo w mic r ofibrils origin ate in the yea st cellw all
a nd irl pr OtOplast aber ra nt w all? Protopl且昌tS prO-
dllCing aber rant wal of fibrilla r nature a r ebetter
rnodel tha rlthe whole cells in which microfibrils
are hid in sde ofthe w alland c over ed by a m orphotlS
w allco mpo neDt6. Tw ohypothes e s wer etesteddu ring
the study ofrrle Chanis m ofbeta -l,3-glncan a s sem bly.
First hy pothe sis c onsidered that rnic r ofibrils m ay
o rigin ate by s elf-as s e mbly fr om c o n centr atio n gra-
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die nt of freeglllC a n m Olecule8 Se Creted by pr oto-
plastB tO e Xtr 8Celltlhr space(Nec a8, 1971). Sec o nd
hy pothe8i8 CO 18idered that microfibrils m ay origi-
n ate by as s em bly of gluca n chainsjoined to gllユC an
synthase B at the pla sm a mem bra n edllring their
synthe sis that c o r r ectly o rient chain s to a88e mble
closely a nd regularly with other glllC an Chain sto
fo r mglll C a n micr ofibri18-thelly POt he由 of m echanis m
of''en zym e-directed as $8 mbly
''
of gluc8.n micr ofibrils.
Co m pariso n of pr operties of micr ofibri18, form ed
払 u か o by 8elf- ass e mbly afte r dis白011止ion･ of
pr otoplast gltlC a nin NaO H a nd r 8-a S 8e mbly by
netl rali組 tion or dialysis, and n ativ e microfibrils,
pr oduced by protop18.StS in ロiuo, .by elQCtrOn micro -
8 C Op y atld X-r ay diffr action Sho w edes senti al differ-
色n C eS
.
Nativ e microfib ril8 W erehighly cry8talline
gtru cture s with triple-helices of beta -1, 3 -glllC a n
chain s1, 58nm wi de hex ago n ally ar r a nged in par alel
w ay in Straight tmi fo r m microfibri1810-20n m wi de,
a r ranged in pa ralel w ay iJltO flat btLndle8. In c o n
-
tr a ry, microfil】ri1s produ cedin vitroby self- a s sem bly
were ir r 8gllhr stru cttlre S Of v ario u sthickne8S a nd
c o tlrBe. T heir ba sic BtruCtllr altmitB W er e Widertriple-
helices ofl. 7n n in wi dth. Their ass embly itltO
microfibrilB Was lessreg118.r tha nill native micr o-
fibrils, a s evidenced.fro m diffuse- Ⅹ-r ay diffr action
diagr a m苧. Ele ctron mic r o s c op yc onfir m edthatltriple-
helice s 且re Ofl. 7n m wi de 8.nd helical ly ar ranged.
We c o ncluded that n ativ ebeta-1, 3-gl11C a nmicr ofib-
ri18 0rlgin ate by ezIZym e-directed ass e mbly, n ot by
8 elf-a 8 S e mbly (Kopecka a nd Erege r, 1986). Nativd
triple -helice81.58n m wi de w e re later identifi8d by
negativ e 8tain l ng･for electro n micr oscop yby m eans
of c o ngo red, added-to cultur e m edill m tO pr OtO-
plasts. T his Stain didn otl〕lo ck synthe sis of glllC an
ch ains, but due to high affinlty tO n ative gltlCa n
chains, it blo cked lateral a8 Se mbly of glnc an triple-
helice8tO mic rofibri18. In aber r a nt, protopla st w al ls
single elem e ntary gluc an fibrils w ere identified of
the width 1. 6zl m(Kc･pe cka 叩 d Gabriel, 1992)that
co r 柑 SPOnded clos ely to o net,riple-helix of beta -1.3-
ghLCa n Of 1. 58n m in width identified by X-r ay
diffra ctio n(Kope cka a nd Kreger, 1986). M or e o v e r,
this pr oved that beta -1, 3-glll Can micr ofibrils o ngl-
n ate e xtr acelltlarly o n plas ma m e mbr a n ebylate ral
a B Bem bly of 1. 58n m wi de triplQ helic es, ide ntified
as ele rn entary fibrils1. 6n m in width, t he pro c e ss
blocked by co コ1gO red pre s entin extr ac ellularSpac e.
It can be 8Pe Culated that for for mation of o n e10
n m wide microfibri1 49triple-helices he x agonally
arr anged ha veto be produ ced in o ne are a of
plasm a m em br a ne. W he n w e c alc111ate the n u mber
of glllC an Synthas e8 n eC e 日8 a ry at One are a Or
plas m a m em brane for on e mic r ofibrilasse mbly,
it m e an s49Ⅹ3 - 147glu ca n synthasem olecules must
I)e sim tl ta ne o usly activ ated, on condition that o n e
glllCa n Chain is pr o血ced by o n egluc a n syntha 馳
(Kopecka, 1994).
Beta-1,3-ghlCa.n microfibrils ongln 8te e Xtr aCellu -
larly o n plas ma m em br ane bylateral asse mbly of
ele m entary fibrils of triple-helical ar ra nge m erlt Of
gluc arl Chains.
M et8boLis m ofpr otopla sts a nd fo r matio n
of beta -1, 3- gluc8 n mic rofibrils
An 11Cleated pr otoplas七色, Prepared from ye aBtbuds,
w er ein c apable to for m beta-1,3-gluc anmicrofibril畠
(Kopecks etAl. , 1974, 1987;Brm o v &et al‥ 1984;
Parkas et al. , 1985). In co ntr ast, n u cle ated proto-
pla8tS for m ed the8efibrils in os m otic 畠tabilizer
c o ntal nlng m et&bolizable stlgargllユC OSe, m a n n O S e Or
fru ctoBein minim al co n centr atio n0,01% witho ut
a ny othe r n utrie nts (Kopecka et al‥ 1970). It
sllg ge Sted tht fo r fo rTn ation of glllCa nfibri18 in
pr otoplast8 new protein, R N Ao r D N Asynthesis
m ay not be requir ed. Inhibitio n of pr otein synthesis
im nlユCleated pr otopla白t白 u Bing cycloh服i mi de pr o ved
that gluc a nfib rilB a r eform 8d indepe ndently o n
pr otein synthe sis(Necks 8t al. ,1968). G lu caLn fibrils
we re for m ed als o in the pr es en ce of l m ofu ngln,
inhibitor of R N Asynthesis(Kopeckn 且nd Parkas,
1979). Als oprotoplasts, with blo cked D N Asynthesis,
prepared fr o m t8 Cdc4,7, 8 m tlt8.ntS at restrictiv e
te mpe ratu r e, fo rm ed n o r m al aber rant protopla st
w al ls c o mpo s ed of
1976and r eferences
top18St8, C ultiv ated
pot8.8日iu m a cetate,
gluca n microfib ri1s(Eopeck且,
therein). Als o SpO ru1ating pro-
in osm otic stabili乞er C O ntainlng
formed beta-1,31glllCa n micr ofi-
bril8(Kope cka, 1974), simila rly a8a. c a rtsbe T.gen Sis
protopl且 如 (Ed dy and W illia ms on , 1959). Only
spe cific inhibitor of betal , 3-gluc a nsynthe畠is ,
pap11a c andi11 B, blocked selectively for m ation of
glllC a nmicrofibrils(Kopecka,1984a, b and reference s
therein).
T he se re s ults indic ated that nu cle ated protoplasts
contain a ctiv e glllC a nSyntla8e8 Of low tu m over .
a nd no ne w Synthe sis of RNA or protein s are
required fo r fo r m atior1 0f beta･1,3-gluca rl microfi-
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bril畠 de nouo ･ Only glu co se, m annos e o rfr ucto馳
且tO･01% c onc entr ation in the mediu m is n ecessary
to trig ger beta -1･31glu(:a nmic rofibril for m ation in
S
･
ce r e uisla e pr()toplasts･ probably necess ary for
叩 nthcsis of U D P- gluc o s e, A TP and G y p
.
Gluca n
syntha6 e S8t ye a st plas ma m embr ane fra ction w er e
isolated arid dis畠OCiatedink('c atalytic subunit, a nd
regulato ry G YP-binding subtmit by Sh8rnatek a nd
Cabib(1980), Sh8 m atek et al. (1980)a nd Cabibet
all (1982)I In re c e nt y8 arS PrOgr 鰯 in bioche mitry
a nd m olec ular 卵 netics or gluc ansym･the8is led to
identificatio n of ge nes F K SI(GS C I)(Do ugla阜 et
aし 1994)a nd FK S 2(G S C 2)c o°ing tw o c at lytic
beta-1･3･ gluc an 野 ntha8 ¢Subu nit8, tO their chara c.
te riz atio n a nd cloning(In o ue
F K S la nd F KS2 arethought
200k Da pr oteins c orltainlng
do mains(re vie wln o uet AI…
w a sidentified a 8 regtlatory
et 81‥ 1995, 1996).
t.a be tr a ns mernbran e
16 tr a ns me mbr an e
1996). Rhoi proteirl
G y p-binding subu nit
of beta-1･ 3- glu ca n synthaB e(Qu adota et al.･1996;
DrgorlO V a et al.1996).
Dyn a mics of abe rr a nt W a= fo r m a tio n a nd
actin cytosk8leto n r 的 rr8 nge ment
Auto radiography in 8lectro nmicroちC Ope StlggeSted
thatgluc a nmicr ofibril8 0f SI C e 'e Uisia epr otopla Bt8
a resynthesized ar ollrld the whole protop18 St 白tl rface
(Nec as aLnd Kop8Ch 196;Kopeck& etal. ,1970;N8C aS,
1971). Blectron micr osc op y of negatively staizled,
m etal Shadow ed, fre e 名e･etChed a nd ultr athin section,
ed protoplasts Sho w ed aberr a nt w all for m ed de
n o u o as c o ntin u otlB irr egular layer aro l 皿d the
whole pr otoplast su rfa ce(Kopecka, et al. , 1970;
Kopecka, 1976;Nec a畠 and Svobo血 1967, 1981, 985).
Sc a n ni g electron micro s cop y pr ovided the best
vie w of dyn amics Of w allass e mbly in a. po 'nbe
pr otoplasts(Osll ni et al‥ 1989, 1995;OB ulTli,1998).
Study of a ctin cytoskeleto nirlS. eeT･ eULsiaepr oto -
pla stB during protoplasting a nd w allrege neratioTl
r evealed delocal iz8d actin patches a ro u nd the whole
protopla 8t S urface. Actin patches colocaliEed with
newly for m ed w all. After w allregen er atio n w as
finished, a ctin patche 昌 relo calizcd to 且re a Of ne w
w all gro wth - irl the bud a nd arc>u nd the septu m
(Gabriel et al‥ 1992)･ W au･ rege nerated pr otoplasts,
r e ve rting to n or m al cells, reve aled si mi lar patter n
ofactin r ear ra nge m ent asbudding yeast(Ki lmartin
and A da m s. 1984;Adarn B and Pringle,1984). Dyn a m-
ics of a ctirlin w allfo rming pr otopla sts S. c e r e ulsi
ae re ve aled coloc &1izatio n of actin patch鴨 With
ne wly form ed w all(Gabriel et el‥ 1992)一
hv olve m e nt of actin in w all fo matio nin proto ･
plasts of S･ po mbe usi ng aCtin polym eriz atio n
inhibitor. cytochalasin D(C D) w aspre s e nted by
Kobori et al. (1989). Inhibitio n of C D･r e8ulted in
disap pe ar a nce of a ctin patches a nd inhibitio n of
w all fibril for m atio n, while r e m o v al ofC Dre61llt8d
in re･form ation of glu c an fibril8 in S. po mbe
(Kobori et all , 1989)･ T his interesting finding w as
riot yet CO nfirm8d. S, japonlc us var. u e r s atilis cells
respoELded to C Dby disappea r an ce of co rltr aCtile
actin ring畠 a nd a ctin cables. Actin patches re m ained
pres er v ed a nd b8C am e c ol c alized with regio n畠 Of
actll al cellw all form atio n at cellpoles a nd at the
Site of s epttlm developm e nt(Gabriel et al. ,1998).
Aberr aELt W allof fibril18r aP p姐 ra n Ce W a 且 8y71the-
sized irl a. japo nic･us v a r. p eT･S atilねin &r ea8 0f actin
patches acc u mlatio n(Gabriel et AI… 1998). Coloca _
1 血tio n of a ctin patch88 tO ne wly form ed abe m nt
w allw asproved afterdisr uption of actin cables
a nd ringB with C D. In a. japonicu s v ar. u e rs atilis
protoplasts treated ＼町ith C D且Ctin patche包 again
coloc alized with･gl11Ca nmicrofibrilsfor ml喝 fibrillar
netw o rk along the pr DtOpla st 8tlrface(Gabriel8t aL,
1998)I W itho ut C Dprotopl乱St8 rege ner ating w all
reve aled colocaliz atio n of a ctin paLtChe畠 With n ewly
formed w 且11･ After C ellw allw asftlly r egen erated
aTld rev - io n pr otopla st-to c ellexpected, a ctin
patches reloc alized to the ar e a of flltu re growing
pole(Gabriel, 1994).
T heBe finding8 indic ated close r el且tiorl in tim e
a nd 畠PaCebetw een deloc alized actin patches a nd
deloc alized gltlCan fibriland w all for matio n in
yea st pr OtOplastB, and in C D-tre ated cell畠 With
dis nlPted actin cables and rings (G且.brieユ et AI…
1992, 1998).
lm muno ele ctro n microsc op y of Mtl holland et al.
(1994)pr ovi de ultrastru cttlralview o n actin patches
a8 aCtin fila m ents hellic 81y a8 80 Ciated with fi曙 er-
likeinvagin atio ns of plaさm a m embra n e. Mulholland
et al. (1994)have propos ed that
B ate the plas ma m eml)ra ne wher e
synthesiz ed. SllCh a nin vaginatioTl
lo calized redll Ctio n of the sll rfa ce
t he yeast irl Vagl-
the c ellw an is
w ouldpr o vide a
tension nor maly
pr oduc ed by cellular tu rgor pressur e. Finge r-like
invagl nations m ay e nable to in sert n e w w al l
m aterial in are as of pola rized gr owth in bud and
septu m fo rm atio n(M ulholland et al
, . 1994), whe r e
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a ctin patches are regula rly loc ated both irl budding
and fissio n y.Casts(Eilrrl artin a nd A da m 8, 1984;
A■dam s and■Pringle,1984;M arks and Hyam 畠, 1985;
rGabriel et al. , 19 8;Yokoya n a et al. 1990).
Fr eze- etching Study of t8 aCtin rn lltant Cells and
their protoplastB re vealed
”
conical in vagln ationB
”
at
plas m a m e mbr ane that m ay cor r e spo nd to a ctin
patches a nd finger -like in v agin atio ns (Gabriel arid
Kopecka,1995;Kopecka and Gabriel, 1995)ide ntified
by Mulholla nd et al. (1994)by ultrathin Be Ctio ning
a nd im m llnOelectron micr osc op y. Si mi lar co nical
invagl】1ation s w 町 e als o Observed by free z e- etching
teclm ique in
.
regenerating yeast protoplast8 by
Ne caBa nd Svdboda(1976), but not in s ecreto ry
m ut ants (Sv oboda a nd Neca s, 1992). T he si mi la r
str u ctllre S W e r ed scribed aB
P
spherical pr otru8io n畠
'
in CT3,PtO C OCC uSn eOfor m a n s(Takβo,1973)that Seem
to re v e al the Si mi lar di8trib11tion of actin patches
(Kopecki and Takeo, u npublishod data), in MzLCO r
spor a ngio spore 8(Takeo, 1974a, b), in which a ctin
patches of si mi la r distributio n were r e ce ntly de-
s cri bed by Hasek and Bartnicki- Garcia (1994), in
R hiz opu s(Take o et al. ,1976), whe r e actin patches
m ay have als o 8i mi 1a r distribution (M . Gabriel,
unp11)ユished data), and in PaT･a C O C CidioLdes brasllie-
nsL8 (Takeo 8t･ali,19D). T his indic ate s that actin
patche s a nd
”
finger･like in v agin atio n s
”
-
抄
spheric al
pr otr1 8io ns
''
r e v e al Si mila r distriblltion in s everal
fllngi. It m ay be BPeCulated that they m ay be the
ido ntical 8truCtu r e
.
A berr a nt c ellw allw aspr odtlCed als o by whole
ts a-ctin m uta nt cell与 Saccha T
1
0 myCe S C eT
･
e Uisiae
D B Y 1693llnder re strictiv e co nditions in which
a ctin cable s di8 ap pe ar and■actin patchesdelo calize
arollnd the whole cells u rface on which ne wfibrillar
aberra nt w all■iB Pr OdtlCed, ?dn8iBting of beta -1, 3-
gluc an mic rofibrilB , Similarly a8 in pr otopla BtS
(Gab riel a nd Kopecka, 1992, 1994,1995). By fr e e z e-
etching ev en distributio n of
”
c onic al in vagin ations
''
ofpla s m ame mbiane w a sfo u ndthat m ay or r 8SPO nd
to fingerl ike invaginatio n 8 0f Mulholland et al.
(1994) a nd a ctin patches.
In S. c e r e uisiae D R Y 1693a
.
ctin m tlta ntprOtOPlast8
actill Patches delocal ized dllring protopla sting, a nd
in protopla8t8 during the whole pr o ce ss of beta-1,3-
gluc aTl micr ofib ri1 form atio n. Coloc alizatio nof a ctin
patches With area of beta -1,3-glu can fibrila nd w all
fo rm ation was obs e r ved again . Also fr e z e-etching
Sho wed in pr otoplaBtS Structu r e sthat n ay co r r e B-
po nd to finger-like/ c onic al inv aginatio n8 . Relo-
caliz atio n Df a ctin patchesto a rea of futurebud
again 81g geSted clo se relatio n of actin patch8BtO
beta･1,3･gluc an microfibril fo m latio n(Gabriel a nd
Kope cka, 1992, 1994, 1995), T h88efindings indicated
colo cal izatio nbetwee n a ctin patche昌 a nd aberrant
w all form atio nin ts actin m uta nt c811s of S. c e r e･
L･isia e a nd･their protopla sts(Gabriel and Kopecka,
1995;EopQCka and Gabriel, 1995, 1998).
Bet a-1, 3-.glu c 8 n mic rofibrilass embly a nd
a ctin in yea st
Po8Bible relation of actin to glu ca n microfibril
form atio n w早s S ug gested 1)by Kobori et al･ (1989)
at S. po mbe protoplaBtS blocked by cytoch lasirl D.
2)In S. ceT･e Uisia eprotoplasts delc caliz atio n ofactin
patch朋 d11ring pr otopla8ting and colocaliza.tion in
protop18BtS during the w hole pro c 郎 Of beta -1, 81
gluc a nmicr ofibri l form 8.一io n(G8.briel et &l. , 1992;
Gab riel, 1994;Gabriel and Kope cka,1994;Kopecka
and Gab riel, 1995; M . Gabriel a nd M. Kopecka,
u npublished data)s uggested clo se relation of actin
patches tO beta-1,31gltlC an microfibril for m atio nin
S. ceT･e Uisia e. 3)Find ing8 0f 且berra nt cellw allof
fibrillar ap pe a ran ce, pr odtlC ed by whole t8 a Ctin
m utant cells u nder r e 8trictiv8 C Onditio n白in which
actin c ablesdis appe ar and a ctin patchesdeloc ali星e
arollndthe whole cells u rfa c eo n which new fibrilar
aberr a nt w al i畠 Synthe 昌ized(Gabriel 且nd Kopecka.
1995). A berra nt m o rphoge neBis in ts a ctin mutarLt
cp88 having a ctin patches o nly w as also reported
in S. pom be by lshigtlr O and Iくob8yaShi(196), a nd
wi ldty pe c ells 0f S. pom be tre ated with cytochal-
a sins (E8nbe et al. , 1993). 4)Abe r ra nt fibrilar
w all昌ynthesized in S. japo nicas va r. u eT･Satilis cells,
inwhich actin c able sa･nd actin rings w eredisr upted
by actin polym e riz atio niTlhibitor, cytochalasin D,
in are a sOf a ctin patches acctl mulation (Gabriel et
al‥ 1998).
All the se findings led llStO pr oposethatbeta-1,31
glucan microfibri ls in ye ast are produc ed inside of
a ctin patches(Gabriel a nd Iくope cka,1995;Kopecka
a nd Gabriel, 195;Gabrielet al. ,1998). T he actin
patch･m aLy pro vide
''
8 C affolding
h
for ass o ciation of
bot hr egulatory and c a.t alytic subu nits of beta-1, 31
gluc &n Syntha se c om plex a ctiv ated at the plasm a
m embran e to for m beta-1, 3-glucan microfibrils .
T he actin patch m ay repre s ent are aof accu mulatio n
of nec e s s a ry nu mber of active glu c an syntha白e8 fo r
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beta-1,3- gluc 且n microfibril fo rm atio n.
Actin patches as a re as of w all rorrnatio n w ere
al畠(, mnBidered by M ulholla nd et al. (1994). Actin
patch as a r e aor ass em bly of w allcDrnPO ne nt8 W a s
als o discuss ed by h()u cet al. ,(1996). Coloc alizatio n
of actir) patch朋 and R hol at area of btld form a-
tion w as r eported by Ya m ochiet al.(1994). Takai
et al(1995)con8ide r ed R ho protein a s r egulato r Of
a ctin cytosk8leton . Colocalizatio n of FKS la nd
Rhol at ar c 8 BOf w allrern odelling in ye ast wa s
reported by Qu ad()t上a et al. (1996). A uthesefind_
1 ngS 如 o71gly S up po rt Otlr ideathat beta･1, 31gluc an
microfibrils in y脱 島t m ay origin ate inside of actin
patche s by m echa nism of glu ca n synthase･directed
asse mbly.
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